Background: IgG4-related disease (IgG4-RD) is a fibroinflammatory condition characterized by serum IgG4 elevation and tissue infiltration of IgG4-positive plasma cells. Substantial overlap between IgG4-RD and antineutrophil cytoplasmic antibodies (ANCA)-associated vasculitides (AAV) exists in terms of organ involvement and histopathological features. A positive ANCA assay is regarded as a highly specific finding in favor of an AAV, and generally influences away from a diagnosis of IgG4-RD. Recent reports, however, have raised the possibility that some patients with IgG4-RD are ANCA positive, thus suggesting reconsideration of the role of ANCA in the diagnostic workup. In the present work, we describe the first case of concomitant biopsy-proven IgG4-RD and granulomatosis with polyangiitis (GPA), demonstrating antiproteinase 3 (PR3) ANCA of the IgG4 subclass in the patient's serum. We also review the literature in order to provide clinicians with tools for interpreting ANCA positivity in IgG4-RD patients.
Introduction
IgG4-related disease (IgG4-RD) is an emerging fibro-inflammatory condition known to involve potentially every organ system in the body. [1] In view of its recent recognition as a nosological entity, neither diagnostic nor classification criteria have yet been developed for this condition. The approach to diagnosis, therefore, necessarily involves the exclusion of common infectious, neoplastic and inflammatory mimickers, principally through pathological evaluation of biopsy specimens. Histological features characteristic of IgG4-RD are shared by seemingly unrelated organs and include storiform fibrosis, obliterative phlebitis, tissue eosinophilia, and a lymphoplasmacytic infiltrate in which the ratio of IgG4-to IgG-positive plasma cells generally exceeds 0.40. [2] Substantial overlap in the types of organ involvement and histopathological features occur in IgG4-RD and vasculitides associated with antineutrophil cytoplasmic antibodies (ANCA), that is, granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis (EGPA)-collectively termed ANCA-associated vasculitis (AAV). As examples, different forms of AAV have predilections for affecting the orbital regions, sinuses, lungs, kidneys, meninges, and even the pituitary gland, all of which are known to be affected by IgG4-RD, as well. Moreover, the AAV can be associated with both peripheral and tissue eosinophilia, [3] and AAV rivals IgG4-RD in its ability to cause IgG4-positive plasma cell infiltration into involved organs. [4] Elevation of serum IgG4 concentrations has been considered a useful biomarker of IgG4-RD, but broader experience in managing these patients has revealed the shortcomings of this measurement as a diagnostic tool. [5] Multiple non-IgG4-RD conditions can be associated with increased serum IgG4 concentrations. Conversely, a substantial proportion of patients with clinical presentations and organ biopsies consistent with IgG4-RD have normal serum IgG4 concentrations. In contrast, the finding of a positive ANCA assay for either the proteinase 3 (PR3) or myeloperoxidase (MPO) antigen is generally regarded as a highly specific finding in favor of an AAV diagnosis. Recent reports, however, have raised the possibility that some patients with IgG4-RD are ANCA positive, thus suggesting reconsideration of the role of ANCA in the diagnostic workup. [6] [7] [8] [9] [10] [11] [12] [13] [14] In the present work, we describe a patient with concomitant biopsy-proven IgG4-RD and GPA in whom we demonstrated anti-PR3 ANCA of the IgG4 subclass. We also review the literature to provide tools for interpreting ANCA positivity in IgG4-RD patients. To this purpose, we searched the entire PubMed and Google Scholar online databases for variable combinations of the following terms: "ANCA," "IgG4," "IgG," "IgG4-related disease," "granulomatosis with polyangiitis," and "vasculitis." We then considered all the writtenEnglish reports of IgG4-RD patients with evidence of a positive ANCA titer. Ethical approval was not necessary because all diagnostic and therapeutic procedures were performed in accordance with international guidelines for the management of GPA and IgG4-RD.
Case presentation
A 51-year-old nonatopic woman was referred to our outpatient clinic for swelling of the left lacrimal gland, left orbital pain radiating to the left side of her face, mild proptosis, and redness of the left eye (Fig. 1A) . She also complained of a mild discomfort in the infra-scapular region. Her medical history was significant for arterial hypertension, gastroesophageal reflux disease, and chronic bronchitis. An ophthalmologic evaluation revealed anterior scleritis of the left eye. No defects in visual acuity or lacrimal gland function were detected. Gadolinium-enhanced magnetic resonance imaging (MRI) of the brain and orbits disclosed an enlarged left lacrimal gland surrounded by an inflammatory tissue in contiguity with the lateral and superior rectus muscles (Fig. 1C) . The inflammatory tissue showed intense 18F-fluorodeoxyglucose (18F-FDG) uptake on positron emission tomography/computed tomography (PET/CT) study (Fig. 1E) . Both the erythrocyte sedimentation rate (43 mm/h; normal < 20) and total IgE (1798 IU/mL; normal < 100) were elevated, but the C-reactive protein and tests of renal, thyroid, and liver function were within normal range. An assay for antinuclear antibodies was positive in a titer of 1:160 (homogenous pattern) but assays for rheumatoid factor, antibodies to double-stranded DNA, thyroperoxidase, and thyroglobulin were negative. Serum IgG4 level was 253 mg/dL (normal < 135 mg/dL). IgG4-RD was suspected and a lacrimal gland biopsy was planned. The preoperative chest radiograph, however, showed multiple oval lung lesions in the right lung, raising concern for the possibility of malignancy (Fig. 2B) . A chest CT scan confirmed 2 round-shaped nodules and 1 cavitary mass in the right lung, and revealed a paravertebral lesion on the right side of the T5 and T6 vertebrae ( Fig. 2A, D , G, H). All of these lesions demonstrated intense 18F-FDG uptake on PET/CT ( Fig. 2E-H) . Biopsies of both the lacrimal gland and lung lesions were therefore performed.
Examination of the left lacrimal gland tissue revealed areas of storiform fibrosis with abundant IgG4-positive plasma cells (IgG4+/IgG+ plasma cells ratio > 40%), consistent with the suspicion of IgG4-related dacryoadenitis ( Fig. 3C-F ). Neutrophilic infiltration, vasculitis, granulomatous inflammation, and necrosis were all not present in the lacrimal gland, examined in multiple sections. However, the lung tissue showed chronic granulomatous inflammation, leukocytoclastic vasculitis, and areas of geographic necrosis, features highly suggestive of GPA ( Fig. 4A-E) . Moreover, numerous IgG4-positive plasma cells were distributed throughout the GPA lesions ( Fig. 4B-F) . The patient's serum tested positively for ANCA by both immunofluorescence (cytoplasmic ANCA pattern) and enzyme immunoassay, with specificity for PR3 (423 AU; normal value < 20 AU). The ANCA appeared to consist of both the IgG1 and IgG4 subclasses ( Fig. 3A and B ). In addition, the counts of circulating plasmablasts-defined as CD19 + CD20-CD27 + CD38 + bright cells on flow cytometry-were dramatically increased (50,000 cells/mL; normal < 635 cells/mL). [5] The patient was started on prednisone (1 mg/kg) followed by 2 infusions of rituximab 1000 mg, administered 15 days apart.
Six months later, the orbital and lung lesions had resolved. In particular, a whole body PET/CT scan showed normalization of the 18F-FDG uptake findings (Figs. 1F and 2F). Follow-up ophthalmologic and orbital MRI evaluations confirmed inactive scleritis and substantial regression of the orbital lesion, respectively (Fig. 1B-D) . Lung masses were no longer evident on either chest radiography or CT (Fig. 2C) . Laboratory and serological studies revealed normalization of the inflammatory markers and of the serum IgG4 (67 mg/dL), normalization of the circulating plasmablast level (350 cells/mL) (Fig. 3G) , a negative PR-3 ANCA assay, and marked reduction of serum IgE levels (200 IU/mL). 
Review of the literature
We identified 9 other reports of patients with IgG4-RD and positive ANCA in the English literature (Tables 1 and 2 ). Five cases had biopsy-proven IgG4-RD and were included in our analysis ( Table 1 ). The remaining 4 cases, in whom IgG4-RD was diagnosed presumptively (based on elevated serum IgG4 levels and compatible organ involvement), are listed separately in Table 2 but not discussed further, because they lacked histopathological investigation. The male to female ratio of biopsy-proven IgG4-RD cases was 4:2, with a median age at diagnosis of 59 years (range 38-73 years) ( Table 1) . Organs involved by IgG4-RD were the lacrimal glands and the periorbital tissue (2 cases each), the hypophysis, the mediastinum, the salivary glands, the meninges, the nose, and the paranasal sinuses (1 case each). Four out of 6 patients had also histological evidence of concomitant AAV in other organs, namely neutrophilic abscesses, leukocytoclastic vasculitis, fibrinoid necrosis, granulomatous inflammation, and crescentic glomerulonephritis. Organ involvement of AAV included the lung (3 cases), the skin and the kidney (2 cases each), and the peripheral nerves and the inner ear (1 case each). Biopsies of organs involved by AAV were obtained in 4 cases and histology revealed leukocytoclastic vasculitis (3 cases), and granulomas and crescentic glomerulonephritis (1 case each). Among these 4 patients, 1 was diagnosed with EGPA based on a history of longstanding asthma, multiple mononeuritis, peripheral blood eosinophilia, ANCA positivity with a specificity for MPO, and histological evidence of cutaneous leukocytoclastic vasculitis with abundant eosinophils. [9] Two patients were diagnosed with AAV in the absence of specific findings to diagnose GPA, MPA, or EGPA definitively. [6, 7] One patient was diagnosed with GPA (present case).
The median C-reactive protein at diagnosis was 26.2 mg/dL (range 21-167 mg/dL). The erythrocyte sedimentation rate, measured in 3 cases, ranged from normal to 100 mm/h. Serum IgG4 concentration was increased in all 6 patients (median 298 mg/dL; range 143-470 mg/dL). All patients also had positive ANCA, 3 with a specificity for MPO, 2 with PR-3 specificity, and 1 with unknown specificity.
Glucocorticoids represented the first-line treatment for remission induction. Early recurrence after steroid tapering or partial clinical responses, however, prompted the addition of second-line immunosuppressive agents in all 6 cases. Ohno et al [8] and Alexandraki et al [6] , for instance, added azathioprine to oral prednisolone at disease relapse but did not observe any further benefit. Alexandraki et al obtained disease remission with rituximab as third-line therapy. Paulus at al [10] achieved prompt clinical remission in a patient with scleritis and orbital myositis by combining methotrexate and intraocular triamcinolone to oral prednisone. In the case reported by Hanioka et al, [9] prednisolone led to a reduction of lacrimal gland swelling, but peripheral neuropathy improved only with intravenous immunoglobulins and methyprednisolone pulses. Similarly, intravenous cyclophosphamide and methylprednisolone pulses were required in addition to oral prednisone in order to prevent renal failure in a patient with rapidly progressive glomerulonephritis. [7] 4. Discussion
Our results indicate that patients with biopsy-proven IgG4-RD can also have positive ANCA with specificity for either MPO or PR3, with or without the concomitant presence of an overt AAV. This finding is supported by a growing body of literature and suggests caution in the interpretation of ANCA positivity, a finding traditionally viewed as highly specific for AAV if confirmed by both immunofluorescence and enzyme immunoassay. [6] [7] [8] [9] [10] 15] ANCA assays require precise interpretation according to wellestablished algorithms. [16] [17] [18] This process is based, first, upon the confirmation of MPO or PR3 specificity through either ELISA or chemiluminescent assays. The specificity of immunofluorescence for ANCA testing is suboptimal, as immunofluorescence assays are associated with positive results in a number of conditions other than small vessel vasculitides. [19] Most ANCA target antigens other than MPO or PR3; that is, they target an array of granulocyte or monocyte granule components and often have multiple or unknown specificities. Once confirmation by enzyme immunoassay or chemiluminescence is obtained; however, a positive ANCA result in and of itself is not diagnostic of AAV but rather requires clinical-pathological correlation and histological confirmation.
The case we describe here is emblematic in this sense because, based on the sole assumption that pulmonary pseudo-tumors are well-described manifestations of IgG4-RD, the histological evidence of IgG4-related dacryoadenitis appeared sufficient for diagnostic purposes and did not require confirmation with a lung biopsy. Because cavitary lesions are not typical of IgG4-RD, however, we proceeded to lung biopsy, which ultimately led to the concomitant diagnosis of AAV. The fact of a paravertebral thoracic mass in our patient further complicated the differential Medicine diagnosis, as it is an atypical manifestation of either GPA or IgG4-RD. [20, 21] In summary, the finding of a positive ANCAeven with a specificity for PR3-should not lead to premature closure of the diagnostic evaluation, particularly if the pattern of organ involvement is not strictly typical of AAV. In our patient, the presence of lacrimal gland disease and cavitary pulmonary lesions urged more detailed investigations.
On the other hand, positive ANCA might precede overt manifestations of AAV. [22] As described in our aggregate analysis, this was actually the case of 3 patients with biopsyproven IgG4-RD and positive ANCA who developed clinical manifestations of AAV shortly after the diagnosis. This observation suggests interesting considerations with regard to the pathogenic relevance of ANCA antibodies. Indeed, both MPO-and PR3-ANCA of patients with AAV have been previously shown to induce respiratory burst, calcium flux, and degranulation of neutrophils, thus directly contributing to the pathophysiology of AAV. [23] [24] [25] IgG4 ANCA are known to elicit the vigorous generation of reactive oxygen species in vitro, comparable to those elicited by IgG3 ANCA, and greater than those induced by IgG1 ANCA. [26] The ANCA in AAV are most often IgG1 and IgG4-a finding that we confirmed in our patient. [23, 27] It is therefore tempting to speculate that the prominent IgG1 and IgG4 production that is characteristic of IgG4-RD might foster the development of AAV in some patients with an appropriate genetic background. [28, 29] Indeed, the abundant IgG4 positive plasma cell infiltrate that we found in GPA lesions may further support this hypothesis.
IgG4-RD in patients with positive ANCA was limited to the head and neck, and did not involve other commonly affected organs, such as the lung, the pancreas, the biliary tree, and the retroperitoneum. In contrast, AAV in patients with established IgG4-RD presented with systemic manifestations beyond the ear/nose/throat region, consistent with the notion of that ANCA positivity is more common in the former clinical setting than in the latter. [30] These observations suggest that patients with IgG4-RD and positive ANCA might be more at risk of developing a systemic form of AAV. Indeed, head and neck manifestations of IgG4-RD are typically ANCA negative [31] [32] [33] raising the possibility that ANCA in these patients might sustain an underlying vasculitic process rather than being primarily linked to IgG4-RD. Additional cases and a longer follow-up are needed in order to confirm this hypothesis. Table 2 describes the clinical characteristics of 4 additional patients with positive ANCA and a diagnosis of possible IgG4-RD with meningeal (3 cases) and retroperitoneal (1 case) involvement. ANCA specificity was confirmed by ELISA in all 4 patients, but no diagnostic procedures were performed in these patients. For these reasons, despite serum IgG4 increase, we did not include these cases in our aggregate analysis. However, as opposite to pachymeningeal involvement, which might occurs in up to 60% of patients with GPA, [34] retroperitoneal fibrosis is an uncommon manifestation of AAV. Therefore, while those cases of ANCA positive pachymeningitis are more likely patients with GPA, ANCA positive retroperitoneal fibrosis with elevated serum IgG4 could represent a case of IgG4-RD. Patients with positive ANCA and retroperitoneal fibrosis, indeed, have been already reported in the literature, raising the possibility of a novel immune-mediated condition associated with retroperitoneal inflammation. [35, 36] Histological findings of the retroperitoneal tissue, however, have not been reported in these case series, thus making impossible to drive definitive conclusions.
Conclusions
In conclusion, the present work demonstrates that ANCA positivity in patients with biopsy-proven IgG4-RD should prompt the exclusion of a concomitant vasculitic process. In addition, a positive ANCA does not exclude the diagnosis of IgG4-RD absolutely, particularly in cases with head and neck involvement that is characteristic of IgG4-RD. The hypothesis that ANCA might predict the development of AAV in patients with IgG4-RD deserves larger case series with a longer follow-up. Confirmation through immunoenzymatic assays of the ANCA specificity, clinical-pathological correlation, and histopathological evaluation remain crucial steps for the differential diagnosis between AAV and IgG4-RD.
